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 Abstract— The number of African families living in extreme 
poverty has continued to increase even though the proportion 
of the citizens in such situation in this region declined in recent 
years. This is traceable to unemployment, underemployment, 
and income inequalities that have generated social unrest as 
joblessness persist. However, entrepreneurship through small 
and medium-scale enterprises (SMEs) has the capacity to drive 
economic growth and national development through job 
creation, income empowerment, and poverty eradication. 
Roadside vulcanizing business in towns and cities of Africa is a 
viable job that can be run by any age group and it requires no 
formal training or long apprenticeship to develop expertise. 
Unfortunately, the cost of running the fossil fuel-powered 
vulcanizing machine will leave the technician with little or no 
profit due to the recent fuel subsidy removal by some countries 
like Nigeria. In addition, overdependence on fossil fuel as a 
primary source of energy promotes the negative effects of 
carbon dioxide and other global warming emissions on 
environment, climate, and public health. In this paper, 
considering the abundant solar energy potential 
across all the Sub-Saharan countries, we designed and 
constructed a solar photovoltaic vulcanizing machine as a 
practical means of eradicating extreme poverty in line with the 
2030 Sustainable Development Goals (SDGs) agenda. The 
implementation of this project will create employment 
opportunities for millions of Africans, reduce social violence 
and crime, provide affordable and clean energy, and save our 
planet.    
 
 
Index Terms—poverty eradication, renewable energy, solar 
photovoltaic, sustainable development, vulcanizing machine.  
 
I. INTRODUCTION 
THOUGH the percentage of African population in 
extreme poverty declined from 57 percent in 1990 to 
43 percent in 2012, the number of people living in extreme 
poverty still increases by more than 100 million due to 
continuous rapid population growth [1, 2]. In addition, it is 
projected that the extreme poor in the world will be 
increasingly   concentrated   in   Africa   [3].   Paradoxically,  
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African families in countries with abundant natural 
resources currently experience lower performance in all 
human welfare indicators controlling for their income level 
[1]. Not surprising, all developing regions have successfully 
reduced the number of citizens living in poverty by half in 
line with the Millennium Development Goal (MDG) except 
Africa [4]. Therefore, there is a global attention on Africa 
with a view of eradicating extreme poverty for all the 
citizens measured as people living on less than $1.25 a day 
in line with the new sustainable development agenda [5, 6].  
In addition, the global economic crisis that began in 2008 
has widened the employment and social gaps, further 
worsening the challenges of unemployment and 
underemployment in most developing economies. 
Meanwhile, the group of people that are directly affected 
with this situation are mostly youth, despite the trend 
improvement in educational attainment, thereby fuelling 
social discontent.  In sub-Saharan Africa, underemployment 
and informal employment may become increasingly high 
over the next five years [7]. Consequently, drastic fall in 
income inequalities, accompanied with declining incomes, 
will lead to social unrest if joblessness persists [8-12]. 
Entrepreneurship has the potential of driving economic 
growth and development through job creation, income 
empowerment, and poverty reduction in an economy [13, 
14]. One of the readily available small and medium-sized 
enterprises (SMEs) in Africa is roadside tyre vulcanizing. A 
vulcanizer is one that pumps deflated tyres by the roadside. 
In urban centers of Nigeria, the average daily income of a 
vulcanizer is ₦ 3 000 (about $ 10 a day). This work is a 
business that can be run by any age group (say 16 years 
upward). Interestingly, it requires no formal training nor 
special experience to start up. Two weeks apprenticeship 
under an experienced vulcanizer is sufficient to learn how to 
work on vehicle tyres. In addition, there is no need to rent a 
shop space/room; the technician stays by the major roadside, 
waiting for his/her customers, especially in cases of 
emergency.  
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 However, the cost of running the fossil fuel-powered 
vulcanizing machine will leave the technician with little or 
no profit due to the recent fuel subsidy removal by the 
Federal Government of Nigeria [15-17]. Unavailability and 
hike in price of the petroleum commodity will definitely 
hamper the business. Also, the use of fossil fuel is 
dangerous to the health of the operator and the society as it 
contributes to greenhouse emission (carbon footprint). 
Therefore, a sustainable means of powering the business 
must be designed and implemented as a way to ending 
poverty, protecting the planet, and ensuring prosperity for 
all as part of a new sustainable development agenda [5, 6]. 
This paper provides a practical means of eradicating 
extreme poverty, reducing social violence and crime, 
providing clean and affordable energy, and preserving the 
planet, in line with the 2030 Sustainable Development Goals 
(SDGs) agenda by the design and construction of a solar 
photovoltaic vulcanizing machine. The rest of the paper is 
arranged as follows: section II shows the solar energy 
potentials of different countries in sub-Saharan Africa 
towards sustainable development; section III explains the 
design methodology of the solar photovoltaic vulcanizing    
machine; section IV presents the results of the 
implementation and testing of the system; section V 
summarizes the feasibility and viability of the machine to 
fulfil its design objectives based on the test results. 
II. SOLAR ENERGY POTENTIAL IN SUB-SAHARAN AFRICA 
Continuously increasing global demand for energy is an 
indication that it is one of the key drivers of economic 
growth and national development.  
However, overdependence on fossil fuel as a primary 
source of energy promotes the negative effects of carbon 
dioxide and other global warming emissions on environment, 
climate, and public health [18-21].  
Meanwhile, renewable energy sources are abundantly 
available and they are safe for the environment and public 
health, along with other benefits [23, 24]. Solar energy is one 
of the readily and abundantly available renewable energy 
sources of enormous potential in sub-Saharan African 
countries. In Nigeria, the peak daily solar radiation is about 7 
kW h/m2 in the northern part of the country and 
approximately 4 kW h/m2 in the southern region [25, 26]. 
Most part of this country receives an average of 6.5 sunshine 
hours per day [27]. Details of solar radiation in other sub-
Saharan African countries can be found in [28-45]. 
In applications, solar photovoltaic directly converts 
sunlight into electrical energy. It has an advantage of 
generating electrical power in all season, with reduced 
capacity during winter [46]. Also, it operates with less 
human intervention and has an average life span of about 25 
years [47]. The supply of solar energy cannot be used up and 
it produces neither waste product nor carbon emissions [48-
50]. Therefore, it has the capacity of creating new 
opportunities for better livelihood of millions of African 
families in a more sustainable manner [51].  
 
III. DESIGN  METHODOLOGY  
In sharp contrast to the traditional fossil fuel-powered 
vulcanizing machine, the two-stroke petrol engine was 
completely replaced with a 1.5-hp, 24-V direct current (DC) 
solar-powered electric motor which have a similar 
mechanical speed of 1750 rpm. This makes the system to be 
relatively affordable as it requires no running/maintenance 
cost, environmentally friendly, and self-reliant. The battery 
bank comprises of a four-battery of 12 V, 18 Ah UPS sealed 
lead acid type each with three numbers 40N, 120 V, 2.28 A 
series connection to give a 36 V, 2.28 A output. 
The solar photovoltaic system is designed to augment the 
energy demands by the prime-mover while in operation as 
well as enable battery bank charging processes during the 
daytime. When the vulcanizing machine is not in use, the 
battery charging mode becomes active, thereby maintaining a 
state of charge, giving an absolute zero emission and a self-
reliance battery run system without any need for 
conventional source of energy.  
 Energy supplied to the battery is controlled by a 
subsystem called the solar charge controller device. This 
device coordinates all the activities involved in charging and 
regulating its state of charge even at a rare 100% state of 
charge and to prevent it from discharging when it is not in 
use. Solar controller regulates the energy supplied to the 
vulcanizing machine in order to avoid overcharging, and 
protects against over-voltage. In the evenings, the machine 
would be using energy that has been stored in the air 
compressor. When the solar panel has completely charged 
the 12-V DC motor the remaining charge is stored in the air 
compressor so the machine can be used at any time.  
Air compressor is a device that converts power into 
potential energy stored in pressurized air. In the case of a 
vulcanizing unit, it forces more air into the storage tank, 
increasing the pressure. When the tank reaches the upper 
limit the compressor shuts off and when there is no air it 
turns on again and re-pressurizes the tank. The battery is 
needed to store the charge so that at any point in time, 
especially when there is no sunlight, the vulcanizing unit 
operates on the already stored energy. The 12-V DC motor is 
mounted on a small air compressor and pumps air into the 
compressor. The machine is in turn used to pump air into a 
deflated tyre after the machine has been powered by the solar 
energy. 
In pump and regulator subsystem, the pump unit is 
regulated with air gauge and regulator attached to its output 
side for proper monitoring of the pumping process before 
reaching the punctured tyre tube inlet-valve. The pump outlet 
reading is approximately 3-4 bars without load and 1.5-2.0 
bars on load. Located next to the regulator outlet is a normal 
12-mm outside diameter, 3-ft hose with a manual valve at its 
tail-end to discharge compressed air into the tyre-tube. 
Belt and pulley driving approach was employed to create 
a more flexible driving arrangement. It minimizes imbalance 
and reduce friction when the DC motor (driver) is coupled to 
the air compressor pump (driven) to form a unit body. The 
pulley of the DC motor and the pump is a 3.1-inch alloyed 
aluminium pulley type with ratio 1:1. This maintains a speed 
of 1750rpm at pump shaft. 
The integral support structure/frame is made from angle 
bars metal iron material, to give it a rigid structural to 
support all the components and devices housed in the 
machine. The solar panels are also designed to act as a frame 
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 structure for the vulcanising machine. This gives it a more 
attractive look. 
A. Battery State of Charge 
Before starting the solar-powered vulcanizing machine, 
there is need to check the battery state of charge (SOC). The 
battery maximum voltage level (52 V) is the best to run the 
machine for a longer period of time; the compressed air 
pressure should be up to four bars. In the case of battery 
level below a minimum of 48 V, the machine can still 
perform with compressed air supply of 2.5 bars which 
eventually drops to 1.5 bars. This can still pump a tyre but 
takes a longer time to achieve full tube inflation. 
 
Table 1: Battery Charge Parameters 
 
Constant Voltage Charge with 
Voltage Regulation at 27 
degree Celsius 
 
Standby Use 13.6-13.8 V 
Cycle Use 14.1-14.4 V 
Maximum Initial Current 3.4 A 
 
B. Solar DC Charging Operation 
Normally, solar DC charging approach enables the 
battery to maintain its state of charge always, except at night 
when sunlight is no longer readily available. This operation 
harnesses the abundantly available solar energy in most 
places in Africa to runs from 8 am to 6 pm every day, 
regardless of the weather or season. Although optimum 
performance is lower whenever the intensity of sunlight, 
there is always energy at the output terminal to charge the 
battery connected. When the state of charge has reached a 
better energy level of storage, the system is so dynamic that 
it would partially cut-off energy from the battery but resume 
a float charge operation just to sustain the battery even if it 
is not used throughout the day. To this extent there is no 
period that DC energy is not available in its energy storage 
system-battery. 
 
Table 2: Solar Panel Specifications 
 
DESCRIPTIONS SPECIFICATIONS 
Product Type 
40 W Photovoltaic 
Solar Panel (3) 
Rated Output Voltage 17.5 V (x 3) 
Solar Cell Grade (A, B, C) Grade A 
Cell Type  
Polycrystalline 
Silicon 
Life Time  25 years 
Rated Power (Pmax) 40 W 
Current at Pmax (Irmp) 2.28 A 
Voltage at Pmax (Vrmp) 17.5 V 
Short Circuit Current (Isc) 2.55 A 
 
Three solar panels of 40 watts each, with a total energy 
of 120 watts, were used in the design of this machine with a 
strategic sun tracking arrangement as shown in Fig. 1 below. 
Each panel (namely panel A, B, C) receives optimal sun 
rays. The panel that receives the most sun rays in the 
morning is the one facing the east (panel A) while panel B 
and C obtain the minimum sunlight rays to augment power 
available from panel A.  
    
 
Panel A 
Panel B    Panel C 
 
Fig. 1: Solar Panel n-Shaped Arrangement for a unique Frame 
Structure 
 
 
MID-DAY
SUNSET SUNRISE
 
 
Fig. 2: Optimum Performance at Sunrise, Mid-day, and Sunset 
 
At noon (the peak sunlight period of the day), sun ray 
supply shifts to the northern direction and panel B is at the 
best performance, complimented by panel A and C which 
would in turn receive minimum solar energy. The overall 
output of the DC energy supply from each panel depends on 
the sunlight angle of supply. At sunset, panel C in the 
western direction will be at the best performance with panels 
A and B receiving the minimum solar energy. Panel C 
continues the charging of the battery till dusk (6 pm) of the 
same day. This is illustrated in Fig. 2. 
This n-shaped framework approach serves two functions: 
it generates DC energy continuously and; it acts as a 
supportive mechanism for the integral body structure in the 
fabrication of the machine. 
C. Principles of Working Operation 
In order to fully maximize the gains of the solar 
photovoltaic vulcanizing machine, vital steps must be taken 
and ensured before operation. The state of charge of the 
battery should be checked to ensure that a voltage level 
range of 48-52 V is maintained. This can be monitored via 
the digital voltmeter. Also, the hose that supplies the 
compressed air delivered from the air regulator must be 
checked for any leakage. Optimum performance can only be 
achieved in outdoor scenarios where the machine is exposed 
to direct sunlight. For DC energy level monitoring, the 
digital voltmeter connected across the battery must be kept 
on during any operation. On the other hand, it must be 
properly switched off when not in use to avoid unproductive 
battery discharge. 
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 At 40 V charge level, the machine is ready for operation. 
The manual switch is turned on and DC energy is passed 
through the connection cables. An electrical power of 10 A, 
48 V is supplied to the DC motor which serves as the main 
prime mover. This translates into a mechanical speed of 
1750 rpm that drives the air compressor/pump through the 
belt and pulley mechanism. As the compressor/pump rotates 
via its input shaft, up to 4 bars of compressed air at full load 
is delivered through the elbow connector into the air 
regulator (pressure gauge). The air is measured with the air 
gauge meter and should be rated between 0-6 bars. The 
maximum rating for the compressed air is normally 4 bars at 
a state of charge of 52 volts. This can only be achieved if the 
SOC is kept at 52 volts at all times, which is rather 
impossible because of the continuous battery discharge that 
occurs. The compressed air pressure drops down to 2-3 bars 
under normal operating conditions and is equivalent to the 
conventional petrol (gasoline) engine type. 
Meanwhile, the compressed air mixture enters another 
air gap connector through the black 2-ft connection rubber 
hose. As it flows through the rubber hose, air immediately 
enters the outlet double flow valve unit. This unit is 
designed to supply compressed air to inflate the already 
deflated vehicle tyre through one valve while the other valve 
remains at rest. When the machine is operated freely, the 
valve at rest is made active, and the main outlet valve is now 
inactive. The active valve supplies the compressed air at 
high pressure bars to the atmosphere, thus preventing the 
main compressor/pump from being internally damaged. 
Therefore, the double compressed air valve unit supplies air 
to the tyre or houses the air and discharges it immediately 
into the atmosphere when it is not in use at that particular 
moment.  
On reaching a satisfactory inflation point, the switch is 
turned off in order to disengage the machine. The solar 
panels resumes charging the battery for the next time of 
time. On cloudy days, the solar photovoltaic system would 
still continue to supply energy to sustain the battery for 
continued use. 
IV. SYSTEM IMPLEMENTATION AND TESTING 
The solar photovoltaic vulcanizing machine was 
implemented and tested to guarantee that its working 
principle and efficiency satisfy the design objectives. Fig. 3 
shows the flow of working operation of the machine. In view 
of this, a deflated tyre tube was prepared to be pumped. After 
all the necessary checks and precautions ensured, the initial 
pressure of the tyre tube was measured using pressure gauge. 
Turning the switch on, the DC motor started running 
immediately, passing out pressurized air through the 
connecting hose. Having pumped the tyre tube, it was tested 
for leakage by direct immersion of the inflated tube in a 
solution of detergent and water. When the tube was carefully 
observed, no air bubble was visible. This shows that there 
was no leakage in the tube. The time taken to inflate the tube 
was measured and recorded. 
The test procedure was repeated for different vehicle tyres 
and the results were presented in Table 3. Also, the results 
obtained were compared to that of a conventional 
vulcanizing air pump shown in Table 4. 
 
Table 3: Test Results of Solar Photovoltaic Vulcanizing Machine 
Tyre 
Specifications 
Initial 
Pressure 
(in psi) 
Final 
Pressure 
(in psi) 
Final 
Pressure 
(in bars)* 
Inflation 
Time 
(seconds) 
P205/ 55/ R16 30 40-45 2.8-3.0 174 
P235/ 70/ R16 30 45-50 3.0-3.4 186 
P255/ 70/ R16 40 50-55 3.4-3.8 302 
*1 bar = 14.5 psi 
 
SUN
SOLAR 
PANEL
SOLAR 
CHARGER 
CONTROLER
BATTERY
DC 
MOTOR
AIR 
COMPRESSOR
GUAGE
SOLAR PUMPED 
TIRE
 
Fig. 3: Solar Photovoltaic Vulcanizing Machine 
 
Table 4: Test Results of Conventional Vulcanizing Machine 
Tyre 
Specifications 
Initial 
Pressure 
(in psi) 
Final 
Pressure 
(in psi) 
Final 
Pressure 
(in bars)* 
Inflation 
Time 
(seconds) 
P205/ 55/ R16 30 40-45 2.8-3.0 358 
P235/ 70/ R16 30 45-50 3.0-3.4 417 
P255/ 70/ R16 40 50-55 3.4-3.8 485 
*1 bar = 14.5 psi 
V. CONCLUSION 
The incredible level of poverty in most African countries 
is alarming and unprecedented; it actually requires an 
unconditional approach. The development of a photovoltaic 
vulcanizing unit will reduce the running cost of vulcanizers; 
reduce air pollution as well as noise pollution in the 
environments. Roadside vulcanizing business in towns and 
cities of Africa is a viable job that can be run buy any age 
group and it requires no formal training or long 
apprenticeship to develop expertise. 
We discovered that the overall cost of the developed 
system is about $500 (this is equivalent to 190,000 Naira in 
Nigeria), with an average profit of ten dollars per day, the 
vulcanizers can recover his investment in less than five 
months, while the system will provide for him for the next 8 
-10 years without challenges.  On the contrary, the cost of 
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 running the fossil fuel-powered vulcanizing machine will 
leave the technician with little or no profit due to the recent 
fuel subsidy removal by some countries like Nigeria. In 
addition, overdependence on fossil fuel as a primary source 
of energy promotes the negative effects of carbon dioxide 
and other global warming emissions on environment, 
climate, and public health.  
Considering the abundant solar energy potential across all 
the Sub-Saharan countries, the adoption and use of the solar 
photovoltaic vulcanizing machine will practically eradicate 
extreme poverty in line with the 2030 Sustainable 
Development Goals (SDGs) agenda. Also, the 
implementation of this project will create employment 
opportunities for millions of Africans, reduce social violence 
and crime, provide affordable and clean energy, and also 
save our planet from self-destruction. 
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